T otal knee arthroplasty (TKA) is one of the most common surgical procedures in Medicare beneficiaries, 1 and its frequency is projected to continue to increase through 2030. 2 Although TKA has been reported to successfully improve physical function in people with osteoarthritis, [3] [4] [5] successful rehabilitation depends, in part, on access to physical therapy, both in the immediate postoperative period while in the acute hospital, as well as after hospital discharge. 6 Postdischarge physical therapy can be provided in institutional settings (eg, inpatient rehabilitations, or skilled nursing facilities) or delivered through home care or in an outpatient physical therapy clinic. Although the Joint Commission's Advanced Certification program for total hip and total knee replacements considers "Discharged to Home" to reflect best practice, 7 discharge to home has been reported to range from 44% to 96%, with significant variation by hospital and geographic region. [8] [9] [10] [11] [12] [13] [14] [15] In fact, the state of residence was the strongest predictor of discharge to home in a largely Medicare cohort, though the study only considered 3 states (ie, California, Massachusetts, and Minnesota). 8 Guidelines exist for care during the surgical procedure and the acute hospital period, including physical therapy on the day of or day after surgery. 6 Once a patient is discharged post-TKA, rehabilitation care is less standardized, even though most patients do receive postacute physical therapy after total joint arthroplasty. 13, 16 Despite shortterm functional improvements with postacute physical therapy after TKA, 17 there are no consistent protocols for frequency, intensity, and duration of the physical therapist intervention, 18 and the use of postacute physical therapy after TKA is not universally recommended. 19 Very little is known about who receives outpatient physical therapy once they have been discharged to home after TKA.
The purpose of this study was to describe the experience of postacute physical therapy for patients with Medicare after TKA who have been discharged directly home. First, it is important to establish a national picture of discharge to home following TKA and to understand its relative predictors. Second, characterizing the variability in postdischarge physical therapy care will be an important first step to help identify most effective components of outpatient physical therapy. Specific objectives of these analyses were to explore factors associated with geographic variability with (1) discharge disposition and (2) utilization of outpatient physical therapy for those discharged to home without home care services in patients with Medicare after TKA.
Methods

Study Design and Setting
To answer the study objectives, a retrospective cohort study of patients who received a TKA during 2010 and 2011 was conducted using a 5% random sample of claims data from the Centers from Medicare & Medicaid Services (CMS). This study population was drawn from the national Medicare, fee-for-service population.
Data from CMS included beneficiary summary information (eg, demographics), inpatient claims (Medicare Provider and Analysis Review [MedPAR]), and Part B Fee-for-Service claims from facility-based and noninstitutional providers. Medicare data were provided through a data use agreement with CMS. Geographic information and market characteristics (eg, number of physical therapists per county) were obtained from the Health Resources and Services Administration's (HRSA) Area Health Resource File (AHRF) (https://datawarehouse.hrsa.gov/data/ datadownload.aspx#MainContent_ ctl00_gvDD_lbl_dd_topic_ttl_0). The Institutional Review Board of Northern Arizona University approved the study.
Participants
From the MedPAR claims data, patients with diagnosis-related group (DRG) code 469 (major joint replacement or reattachment of lower extremity with major complications or comorbidities) or 470 (major joint replacement or reattachment of lower extremity without major complications or comorbidities) and surgical procedure code 81.54 (total knee replacement) discharged between July 1, 2010, and June 30, 2011, were selected. Patients not discharged alive were excluded, as were patients discharged to hospice, long-term care, or a psychiatric hospital or transferred to another acute care hospital and those who left against medical advice. If a beneficiary had more than 1 admission during the time period with the included DRGs and surgical procedure code, then the first hospitalization was retained.
Variables and Data Sources/ Measurement
For the included patients, variables about the inpatient stay (ie, discharge disposition, DRG code, length of hospital stay) were created from the MedPAR claims data. Demographic characteristics (age, sex, race [white, black, other], county) were obtained from the Master Beneficiary Summary File. In addition to demographic characteristics, this file included the Chronic Conditions segment containing chronic conditions data warehouse flags (CCW Flags). The CCW Flags signified the presence of 27 conditions using claims-based algorithms (a proxy for the condition). There were 3 variables included for each condition: a mid-year indicator, an end-of-year indicator, and a date with the first occurrence of the condition. For the current analyses, the 2010 end-of-year indicator was used for beneficiaries with a hospital discharge between July 1, 2010, and December 31, 2010, and the 2011 mid-year indicator was used for beneficiaries with a hospital discharge between January 1, 2011, and June 30, 2011. Comorbid conditions selected from this file included heart failure, myocardial infraction, diabetes, depression, chronic obstructive pulmonary disease (COPD), hip fracture, osteoporosis, and rheumatoid/osteoarthritis and categorized as having each condition (yes/no). All variables related to outpatient physical therapy were obtained from Part B facility-based and non-institution claims for those patients with an initial claim within 28 days after index hospitalization discharge.
In addition to data from CMS, Census region, Core-Based Statistical Area Quantitative variables. For the first study objective, the dependent variable was the hospital discharge destination code from the MedPAR claims data. The discharge destination code was categorized as Home/Self-care (HSC), Home Health Agency (HHA), Skilled Nursing Facility (SNF), or Inpatient Rehabilitation Facility (IRF). Discharge to home was considered as home/selfcare only and not discharge to HHA.
The second study objective included only those who were discharged home (HSC) without HHA from the hospital. Dependent variables to describe outpatient physical therapy after TKA were time from hospital discharge to initiation of physical therapy, number of visits, and the length of the physical therapy episode. For these patients, all Part B facility-based and non-institutional claims were examined after the hospital discharge date to identify those who received outpatient physical therapy within 4 weeks of hospital discharge. As physical therapy is often provided over a period of time, physical therapy claims were identified to create an episode of physical therapist care. The definition of a physical therapist episode of care followed the methods of Ciolek and Hwang. 20 Billing codes used only by physical therapists were identified to define physical therapy. For the facility-based claims, this included revenue center codes 420-429 or Healthcare Common Procedure Coding System (HCPCS) codes for physical therapy (re-)evaluation 97,002 and 97,001, respectively. For non-institution claims, this included Medicare specialty code 65 or HCPCS codes 97,001 and 97,002. All episodes started the first day of the first treatment claim. Physical therapy claims less than 60 days from the previous physical therapist treatment were considered part of the physical therapy episode. If a break in claims was at least 60 days, it was considered a new physical therapy episode; only the first episode after hospital discharge was included in the analysis. Since specific codes for TKA may not appear on a physical therapy claim, particular types of physical therapy services were selected, such as 781.2 (Abnormality of gait), 719.7 (Difficulty in walking), and V57.1 (Care involving other physical therapy).
For both objectives, the key independent variables of interest were the 4-level Census region (ie, West, Midwest, Northeast, and South) that corresponded to hospital location. Some of the potential confounders (ie, numbers of providers and facilities per county, and hospital length of stay) were not normally distributed. To assess these variables as confounders, each of these variables was dichotomized above and below the respective median.
Statistical Methods
Descriptive statistics were summarized by using frequency distributions for categorical variables and means and standard deviations (SD) or medians and interquartile ranges (IQR) for continuous variables. For the first objective, the dependent variable was the hospital discharge destination code from the MedPAR data. The independent variable was Census region. For Census region, a random coefficients multinomial logistic regression was used to assess the association between discharge destination and Census region. The random coefficient included an intercept of county within Census region to account for the clustered correlated data. Potential confounders included demographics, hospital length of stay, comorbid conditions, and geographic characteristics described above. Adjusted odds ratios (OR) and 95% confidence intervals (CI) were calculated.
The second objective included patients with a discharge destination of HSC. Differences in characteristics between those who received outpatient physical therapy and those that did not were assessed with t tests or KruskalWallis tests for continuous variables and chi-square or Fisher's exact test for categorical variables. Dependent variables assessed to describe outpatient physical therapy after TKA were time from hospital discharge to initiation of physical therapy, number of visits, and the length of the physical therapy episode. The independent variable was Census region, as previously described, and the same confounders listed above (except number of home health agencies, skilled nursing, and inpatient rehabilitation facilities in each county per 100,000 population) were assessed for inclusion in the final models. Poisson regression with adjustment for cluster-correlated data of county within Census region was used to assess the association of physical therapy variables with Census region. The dependent variables were skewed, so log transformation was completed to result in a normal distribution. Adjusted means were calculated on the log scale and were then back-transformed to calculate adjusted geometric means. The analysis was also completed with non-transformed dependent variables, and the conclusions were similar, although adjusted means were higher (befitting a non-normal distribution, data not shown).
Alpha was set at .05 for statistical significance testing. All analyses were completed with SAS 9.4 (SAS Institute, Inc., Cary, NC) executed on a Linux platform.
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Results
Participants and Descriptive Data
The total number of patients who met the inclusion and exclusion criteria at hospital discharge after TKA was 18,278 ( Fig. 1) . Of those, 3482 (19.1%) were discharged to HSC from the acute hospital, 6849 (37.4%) were discharged to HHA, and 5990 (32.8%) and 1957 (10.7%) were transferred to SNF and IRF, respectively, for postacute care. The patients who were discharged home were younger, with a higher percent male, White, and with fewer comorbid conditions present (Tab. 1). A total of 2664 hospitals were represented in this analysis. The number of discharges per hospitals ranged from 1 to 96, with 480 of the hospitals having only 1 hospital claim in this sample of Medicare data.
Main results. For the first objective, there was an unadjusted association between Census region and discharge destination (Fig. 2) . Patients living in the Northeast had a very low percent of patients discharged HSC, and discharged patients to IRF far more frequently compared with patients in the other Census regions. The South region had a high proportion of patients discharged home, but a large majority of those discharged to HHA rather than HSC. The West and Midwest discharged patients to extended care facilities (ie, SNF and IRF) less frequently, but for those discharged home, a higher percent were discharged to HHA compared with HSC. Those patients in less dense areas (ie, Not a Statistical Area) were discharged more frequently to home locations (HSC and HHA) compared with more densely populated areas.
With multinomial analysis, the West region who were discharged home was the referent group. to HSC and received outpatient physical therapy within 4 weeks of hospital discharge (40% of those discharged to HSC), there was an overall significant association between Census region with time to outpatient physical therapy (P < .0001), but not number of physical therapy visits (P = .61) or length of physical therapy episode (P = .07). Table 3 summarizes the association of each dependent variable with each Census region. After adjustment for confounders, the quickest time to start outpatient physical therapy is in the Midwest (3.79 ± 1.09 days) region, followed by the South (4.36 ± 1.10 days). These 2 regions also had the shorter length of the outpatient physical therapy episode (36.83 ± 1.87 and 33.40 ± 1.11 days for the Midwest and South, respectively), but no difference in the number of outpatient physical therapy visits compared with the other Census regions.
Discussion
The purpose of this study was to explore the experience of postacute physical therapy for patients with Medicare after TKA, specifically related to the association of geographic variability with discharge disposition and outpatient physical therapy for those discharged to HSC in patients with Medicare after TKA. The data show significant geographic variability with the discharge disposition after TKA, with more patients going to home/ self-care in the West and Midwest compared with the Northeast and South. For those patients discharged to HSC, approximately 40% received outpatient physical therapy within 4 weeks. Differences by geographical region existed for some, but not all, of the physical therapy utilization variables. The Midwest and South had fewer days to the first outpatient physical therapy visits and shorter overall length of the outpatient physical therapist episode of care compared with the West and Northeast, but there were no differences by Census region with the number of outpatient physical therapy visits.
Geographic Variability With Discharge Disposition
To our knowledge, this is the first study to examine geographic variability with discharge disposition using national data. In agreement with the current study, previous studies have identified demographic and clinical characteristics associated with discharge disposition after TKA, 8, 10, 13, 14 including age, sex, and comorbid conditions (eg, diabetes, pulmonary and heart disease). This is a consistent relationship with younger people and males having higher odds 8, 14 or percent 10, 13 discharged to home. Additionally, fewer comorbid conditions, measured with a presence of individual conditions (eg, diabetes), 10, 13 Charlson Comorbidity Index, 14 or the American 
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Society of Anesthesiologists Physical Status Classification System, 8 were more likely in those discharged home. Only one of the previous studies assessed discharge by race categories and reported a lower percent of White discharged to home compared with the current study (72% for Home vs. 92% for HSC and 89% for HHA, respectively). 13 Two reasons may account for the differences, although there is no definitive reason-the Keswani et al study included younger people (mean ± SD = 64.3 ± 10.3 years) with varied insurers, whereas the current study were all part of Medicare Part A for the TKA, and also reported 18% with unknown race, which may increase the number of White participants. In one study, 8 a measure of geography was assessed as a factor associated with discharge disposition. Data from TKAs performed at 3 acute care hospitals in California (n = 252), Minnesota (n = 2322), and Massachusetts (n = 759) were assessed to predict discharge to an extended care facility (ECF). 8 Of the patients in the California hospital, 26.2% were discharged to an ECF compared with 18.1% and 64.7% in the Minnesota and Massachusetts hospitals, respectively. In a multivariate model, site of service was the strongest predictor for ECF, with patients in the Massachusetts hospital 12.9 (confidence intervals not a Home with self-care (HSC) was the referent group for these analyses. All variables adjusted for the other variables listed in the table as well as nested of county within Census region as a random effect. Type III tests of fixed effects, P < .0001 for all.
given) and patients in the California hospital 2.1 times more likely to be discharged to an ECF compared with the Minnesota hospital, concluding that regional variation exists with discharge disposition after TKA. The current study extends the findings of Bozic et al 8 using a randomly selected national sample of patients after TKA, with geographic variability in discharge after TKA as evaluated by Census region. The reasons for this variability are beyond the scope of this analysis, but may be related to regional differences in the perceived role of rehabilitation after TKA or the traditions for rehabilitation care in different regions. A better understanding of outcomes and utilization of postacute physical therapy in different geographic regions may help define best practices for standardization of clinical care.
After TKA, patients typically receive physical therapy after hospital discharge in either ECF, home health, or outpatient clinics. 13 Up to half of patients are discharged to non-home rehabilitation facilities (ie, IRF or SNF). 10, 21 A recent trial showed no differences at 10, 26, and 52 weeks post-hospital discharge in mobility, patient-reported pain and function, or quality of life between those randomized to inpatient rehabilitation compared with a monitored home exercise program. 22 However, those discharged to extended care facilities (ie, SNF and IRF) may be at higher risk for complications and hospital readmissions. 13, 23 After adjustment for known factors associated with differences in discharge destination, the current study found a significant association with discharge destination and geography.
Geographic Variability With Outpatient Physical Therapy
Despite the frequency of TKA in the Medicare population, 1 and the benefits of outpatient physical therapy after TKA, 17 very little is known about the utilization of outpatient physical therapy after TKA. 18 The current study found, among those discharged to HSC, a difference in who received outpatient physical therapy compared to those that did not. Those who received outpatient physical therapy within 28 days had a higher percent of male Medicare beneficiaries, but had similar age and race distributions. This is somewhat surprising due to the well-known disparities in health care utilization by race, but this may be explained by the fact that this study included people with Medicare only. Race/ethnicity disparities are often a proxy for health insurance, 24 Medical Expenditure Panel Survey data were included. 27 The outpatient physical therapy episodes were primarily (75%) in patients with musculoskeletal conditions (but not necessarily TKA). A greater number of outpatient physical therapy visits were reported in the Northeast and Midwest (2.7 more; P = .002 and .0005, respectively), but not the South (1.1 more; P = .12) compared with the West; 27 no other utilization measures were reported. Two other studies reported significant variability in timing and amount of outpatient physical therapy after TKA, 18, 28 but both of these studies studied patients after completing initial post-care physical therapy in an ECF, limiting comparison with the current study's findings. Outcomes and adverse events with different timing, dose, and frequency of outpatient physical therapy need to be studied to recommend best practices and to better understand if the regional differences reflect necessary or unnecessary variations in care. This may be especially important with the bundling payment program for total joint arthroplasties currently being tested by CMS. 29 There are several limitations with the use of administrative data like Medicare claims that are worth mentioning, including inaccurate coding and potential missing data. 30 The validity of administrative data has been assessed and has shown relatively high levels of agreement, but not perfect, between administrative data and medical records. 31 Administrative data are not collected for research purposes, 30 and the validity of some of the fields may be limited if not used for payment. 31, 32 This may be especially important as one of the dependent variables, discharge disposition, is not used for billing. However, the purpose was to look for association with geographic variability, and there are no published studies that report differential misclassification of this variable. Outpatient physical therapy is a covered service with Medicare Part B. Therefore, concerns about inaccuracies for some of the variables (eg, number of outpatient physical therapy visits) may be minimized. Only 19% of the patients in this sample of Medicare beneficiaries post-TKA had a discharge disposition HSC, so the characteristics of the outpatient episode of physical therapist care cannot be extended to the 81% of patients in this sample who were discharged to HHA, SNF, and IRF. In addition, MedPAR claims from CMS do not include measures of functional status, which may be associated with postacute physical therapy recommendations. This limits the ability to adequately adjust for confounding. A final limitation of these administrative data is that these data included only people who received a TKA under the Medicare program, and care should be taken when generalizing these results to the non-Medicare population, a growing segment of the population receiving TKA surgeries. 33 Despite the limitations for the use of administrative data, the generalizability of the findings from a random sample of Medicare beneficiaries is a strength of this study to show variation by geography in postacute care physical therapy after TKA.
Geographic variation in several care measures related to TKA has been reported, 34, 35 but these have focused on utilization and costs related to hospital care for joint arthroplasty surgeries. This is the first study to report geographic variation in the postacute discharge period. Future research is required to understand if the variation reported herein reflects appropriate clinical care or opportunities to standardize care practices. Additionally, future research should investigate if differences in outcomes of postacute physical therapy exist by geographic region.
Conclusion
Geographic region was associated with the setting for postacute physical therapy in a nationally representative sample of Medicare beneficiaries after TKA. The Northeast and South regions, respectively, had greater odds of discharging patients to extended care facilities (ie, IRF and SNF) compared to the Midwest and West regions. Geography was also associated with some, but not all, outpatient physical therapy utilization in those Medicare beneficiaries who were discharged home without home care services. Patients in the Midwest and South initiated outpatient physical therapy faster after hospital discharge and had a shorter overall episode of care, but a similar number of visits compared to the West and Northeast. Differences in outcomes of outpatient physical therapy should be assessed to better describe the impact of geographic variation in functional recovery after TKA. 
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